A new method has been developed for clinical determinations of the sedimentation rates of red blood cells. It differs from the methods generally in use in that:: (1) Heparin' is employed as the anticoagulant. (2) Special tubes2 are employed for the actual sedimentation, which are 12.0 cm. in height over all and have an inside diameter of approximately 3.80 mm. The lower ends of the tubes are sealed flat, and graduations are placed every two millimeters from the bottom to a height of 100 mm. The capacity up to the zero mark (100 mm.) varies from 1.11 to 1.18 cc.-the capacity being etched upon the glass by the manufacturer at the time of the original calibration. (3) Results are expressed in terms of the percentage of total possible settling which occurs during the observation periodone hour. DETAILS If the top of the original blood column = 0 the top of the cell column after the end of 1 hour = 20 mm. and the top of the cell column after centrifuging = 60 mm., *w X 100 = 33.3 per cent of total possible settling in 1 hour.
RESULTS
The sedimentation rates-_of certa-in presumably-healt-hyyou-Tig adults (22 men and 45 women) have.been determined by this method. with the results given in table 1 .
It should be noted that the sedimentation rate is higher in women (average-30.9 per cent) than in men (average-11.4 per cent), a fact which has been noted by all previous investigators. It is also apparent that the plasma volume percentage is higher in women (average-56.5 per cent) than in men (average-50.8 per cent), an observation which partially explains the more rapid settling in the former. We have been unable to determine any definite relation between-the sedimentation rate in women and the period in the menstrual cycle at which, the specimen was obtained. Of the six women who had sedimentation rates above 50 per cent, one had just begun to menstruate and one was about due, while the others reported (3) have emphasized, even absolute accuracy would not be of much value, since the fluid introduced actually dilutes the plasma, the amount of which in a given specimen of blood is unknown when the dilution is made, unless a preliminary hematocrit is done. If a blood contains 50 per cent of cells by volume and is diluted 4 parts to 1 part of anticoagulant solution, the plasma is diluted 2:1, whereas if the blood contains only 25 per cent of cells by volume and the same dilution is effected, the plasma becomes diluted 3: 1. Certainly the use of an anticoagulant solution introduces factors-which can-not-be controlled but which-have a&-defi-nite effect. When even accuracy of dilution is so obviously impossible, it beccmes apparent that the whole determination, when carried out by the more commonly used methods, is little more than 'an approximation. By the use of dried heparin, dilution is, entirely avoided, and its attendant difficulties and errors are eliminated; Rubin and Smith (4) have used.dry hirudin as an anticoagulant with the assumption that it avoids the errors inherent in the inorganic antico-agulants. ]Bonniger-(5), on the other hand, reports that hirudin blood generally settles more slowly than untreated blood, and that the sedimentation rates in hirudinized bloods and in oxalated bloods for the most part agree. We have found in a few experiments that bloods taken over hirudin settle somewhat more slowly than those taken over heparin, even though the slowing is not as marked as when solid oxalate is employed. Heparin has one disadvantage-it costs about one cent per milligram.
The total length of the column of blood is probably the most important of the physical factors involved and yet relatively little attention has been paid to securing uniformity in this respect. Sedimentation tubes of the size we use provide for a column of blood of the same height in all tests, and are, moreover, of such a caliber that the accelerating effect of capillary action is small. The total amount of blood which we use is moderate and duplicate determinations can easily be made from an original sample of 3 to 5 cc. We have found that duplicate readings agree within such a small percentage that for clinical purposes a single reading only is made.
One hour has been selected as the most useful period for a single reading, since at that time sedimentation in normal bloods is damped neither by preliminary agglutination nor by packing. As a close approximation, it may be said that when the plasma volume is 60 per cent or less a retardation of the settling rate becomes apparent by the time the top of the cell column has reached the 40 mm. mark. Therefore, in rapidly settling bloods packing has usually become effective within the one-hour period, but is of no importance if 'one takes the view that the test is of more value as a negative finding, i.e., a slow sedimentation rate is more accurately evaluated than is a rapid sinking. The advantage of making readings after a given time interval rather than determining by frequent readings the time necessary for the blood to settle a certain number of millimeters (Linzenmeier -(1) method) is obvious. Most recent workers have adopted this point of view, although the Linzenmeier method, which is perhaps used more than any other in this country, is based upon the other principle.
By centrifuging the blood in the sedimentation tubes at the end of the one-hour period of-settling, we determine directly and with sufficient accuracy the total plasma volume, and are thus in a posi-tion to correct our results partially for variations in cell volume, which have a pronounced effect upon the rate of sedimentation. A reduced cell volume increases the rate of settling even though other factors which may influence this rate are not disturbed. By diluting centrifuged cells with their own plasma to different ceU volumes and then determining the rate of sedimentation, this fact can be demonstrated easily. This means practically that every patient with an anemia of any consequence will have a rapid sedimentation rate, even though no other cause leading to rapid settling may be operative. Obviously this confuses the interpretation of results and is particularly annoying if one emphasizes especially the value of a normal settling rate. By introducing in our calculation the plasma volume percentage as determined by centrifuging the blood (blood volume minus cell volume) as representing the total possible settling, and computing the sedimentation rate as the percentage of total possible settling occurring during the one-hour observation period, we are avoiding some of this difficulty. An alternative procedure, the compilation of a chart showing the settling of different concentrations of normal cells in their own plasma, would undoubtedly be more accurate, but the method adopted is somewhat simpler and has been shown by a year of clinical test to be quite satisfactory. Our experience does not agree with that of Rubin and Smith (1. c.), that, " . . . . the cell volume obtained by hematocrit bears a fixed ratio to that obtained by the spontaneous settling of the cells in twenty-four hours.
Among 10 normal men in our series, the settling in 24 hours represented from 62 to 77 per cent of the total possible settling (hematocrit), whereas among 35 women it ranged from 65 to 95 per cent. In general, it may be said that the amount of spontaneous settling bears a closer relationship to the sedimentation rate than to the cell volume,-the more rapidly the cells settle, the more nearly complete is the spontaneous settling in 24 hours. In pathological bloods, the variations are even greater than in the normals quoted. Moreover, we prefer to have the final reading available as soon as possible, and for that reason alone would choose centrifugalization.
The complete data, upon which some of the statements in this paper are based, will be presented in a later communication, as will also the results of the clinical application of the test in a large series of obstetrical and gynecological patients.
